Observations are reviewed of the magnetic field structure of the planet Jupiter. The magnetic field geometry deduced from the spacecraft data of Pioneer 10 is in good agreement with that derived from Earth-based radio astronomy measurements.
Introduction
The first observational evidence that Jupiter possesses a magnetic field was provided by Burke & Franklin (1955) with the discovery of strong bursts of polarized emission from the planet at long radio wavelengths. Four years later Sloanaker (1959) detected a second type of non-thermal radio emission from Jupiter at much shorter centimetre wavelengths.
Radio astronomical studies of these emissions over the past 15 years have provided a wealth of valuable information about the magnetic field structure of Jupiter. These studies were supplemented in December 1973 by direct in situ measurements of the magnetic field configuration from the vector helium magnetometer experiment on board the Pioneer 10 space probe to the planet (Smith et al. 1974a) . By combining the information provided by the terrestrial and space probe measurements a consistent picture of the Jovian magnetic field geometry is beginning to emerge. It is convenient to discuss the field structure in three regions.
Structure of the inner magnetic field
The structure of the inner field region (at distances slightly greater than 1 Jovian radius, R,) can be studied by observations of the decametric radio emission (Carr & Gulkis 1969) . This is the name given to the intense bursts of sporadic radio emission which dominate the radio spectrum of the planet at frequencies below 40 MHz. The emission is generally attributed to doppler shifted cyclotron radiation at or near the local electron gyrofrequency. The probability of occurrence of the emission varies with both the central meridian (c.m.) longitude of the planet and the observing frequency. At frequencies below 10 MHz there are two main decametric ' sources ' which occur near the longitudes of the magnetic poles, but at higher frequencies these become dominated by three asymmetrically placed sources. The emission from two of the high frequency sources shows a high degree of correlation with the orbital position of Jupiter's satellite 10. The third source, located near 240" c.m. longitude, shows only a partial modulation correlated with the position of 10, and has a component which is 10 independent. Theories to account for the origin of the decametric emission, and indeed the modu!ation by 10, are many and varied. Most agree however that the magnetic field geometry is basically dipolar, with the axis of the dipole inclined by some 10" to the rotation axis of the planet. The sharp cut off in the emission above 39 MHz implies a maximum field strength of 10-15 Gauss, presumably close to the surface of the planet. Early studies of the polarization of the decametric emission revealed that the polarity of the Jovian dipole is opposite in sense to that of the Earth (Warwick 1963) . Irregularities in the emission, such as the asymmetric location of the high frequency sources and the predominance of a single sense of circular polarization at high frequencies, may either be interpreted as evidence for a localized distortion of a centred dipole field in the region of 240" c.m. longitude (Ellis & McCulloch 1963) , or that the main dipole is offset by some 0 . 7 Rj to the south of the planet (Warwick 1963) . Details of the field structure inferred from observations of the decametric radio emission are summarized in Table 1. 3. The field structure of the radiation belts Further out in the Jovian magnetic field, at about 2RJ, lie the radiation belts which give rise to the decimetric radio emission (Carr & Gulkis 1969). This is the name given to the synchrotron emission at decimetre and centimetre wavelengths generated by relativistic electrons spiralling around the field lines of what again appears to be a basicslly dipolar magnetic field. The electrons have an anisotropic distribution of pitch angles, with the majority moving in relatively flat helical orbits and mirroring well within one planetary radius of the magnetic equator. The resulting radiation is strongly ' beamed ' into the plane of the magnetic equator, and is linearly polarized at about the 20 per cent level with the E-vector perpendicular to the projected direction of the magnetic field lines. The ' rocking ' of the polarization E-vector as Jupiter rotates provides a direct measurement of the inclination between the magnetic and rotation axes. A small amount of circular polarization has recently been detected in the decimetric emission (Komesaroff, Morris & Roberts, 1970) . The sense of the circular polarization confirms that the Jovian dipole is of opposite polarity to that of the Earth, whilst the magnitude implies an equatorial field strength at the surface of the planet of between 3 and 15 Gauss (Berge 1974) . Asymmetries in the polarization and brightness distribution of the emission near 220" c.m. longitude may again be The magnetic field structure of Jupiter Table 2 Magnetic field structure in the radiation belts interpreted either in terms of a localized field distortion at that longitude (Conway & Stannard 1972) , or as evidence that the main dipole is considerably offset from the centre of the planet (Warwick 1967) . Accurate determinations of the centroid of the decimetric emission appear however to rule out the large southerly displacement required by the offset dipole model, with perhaps only a slight displacement of 5 0.1 R, to the north of the planet (Berge 1974 ).
The close approach of the Pioneer 10 space probe to Jupiter enabled detailed measurements to be made of the field geometry in the radiation belts. Initial results (Smith et al. 1974a ) appeared to conflict with the radio data, suggesting that the dipole field is inclined by some 15" to the planet's rotation axis, with an offset from the centre of more than 0.2 R,. More refined analysis (Smith et al. 1974b ) in terms of a two component dipole model for the field structure has however yielded parameters in better agreement with the radio data. The magnetic field structures deduced from the two sets of measurements are compared in Table 2 . It is perhaps worth commenting that the trajectory of Pioneer 10 at closest approach took the spacecraft right through the supposed field distortion near 220" c.m. longitude. The Pioneer 10 data may thus provide valuable information about the complex magnetic field geometry in this region.
Structure of the outer magnetosphere
The measurements from Pioneer 10 provided for the first time information about Table 3 Structure of the outer magnetosphere Table 3 .
The data contain some surprises, for instance the detection of the bow shock at 108 R, was at about twice the distance predicted by extrapolation from our knowledge of the Earth's magnetosphere. Smith et al. (1974a) suggest that overall the Pioneer data can best be explained in terms of a disk-like magnetosphere. At distances smaller than 20 R, the magnetosphere resembles that of the Earth, but beyond this distance the density and temperature of the magnetospheric plasma may be too great for the plasma to be contained by the field, with the result that it is thrown out to form a ' magnetodisk ' with a spiral magnetic field structure similar to that of the solar wind.
Conclusion
There is good agreement between the Pioneer 10 data and the radio astronomical observations of the magnetic field structure of Jupiter. The field close to the planet can be well represented by that of an inclined dipole with a localized field distortion in the region of 220" c.m. longitude. When the data from Pioneer I0 (and later Pioneer 11) are fully analysed, they should greatly enhance our knowledge of the structure of Jupiter's outer magnetosphere.
